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INTRODUCTION
Protected cultivation in greenhouses and plastic tunnels has been widely used for off-season growing. However, in recent years, incorrect fertilizer application in greenhouses has led to severe soil salinization and limited crop productivity (Atallah et al. 2002; Yu et al. 2004) . Generally, fertilizers were usually applied to soils regardless of soil nutrient conditions and plant requirements in an equal nitrogen, phosphorus and potassium (NPK) formulation (Atallah et al. 2000) ; and the excessive nutrients which accumulated in soils were difficult for plants to absorb.
Root-zone temperature (RZT) is an important factor affecting plant growth and uptake of water and nutrient (Mozafar et al. 1993; Marschner et al. 1996; Bode Stoltzfus et al. 1998) . Numerous studies on different species have shown that plant growth is greatly influenced by root temperature (Lyr and Garbe 1995; Lahti et al. 2005; Solfjeld and Johnsen 2006; Díaz-Pérez et al. 2007; Nxawe et al. 2009 ). Actually, plant growth is controlled by various factors, especially root temperature and nutrient supply. In particular, nutrient uptake is affected by soil temperature (Xu and Huang 2006) . Soil temperature may influence the physico-chemical and biological processes which affect nutrient availability in soils, and in turn affect plant nutrient uptake (Hussain and Maqsood 2011) . Clarkson et al. (1992) reported that specific absorption rates of plant nutrients depended on soil temperature to a large extent; even a small raise in soil temperature could induce large changes in plant growth and nutrient absorption. This indicates that RZT is crucially important in plant nutrient uptake and utilization.
In cold seasons, air temperature in greenhouses can rise suddenly on sunny days from a low night temperature of 12 C to high temperatures of 30 C (Miao et al. 2009 ), while the soil or solution temperature may change slowly and stay around 10 C. So, root physiology is usually limited by low RZT, even as shoots are at a suitable temperature. Lee et al. (2004) reported root pressure, hydraulic conductivity and nutrients active transport were seriously reduced when roots were exposed to low temperature. So, nutrient uptake could be inhibited by low RZT (Peng and Dang 2003) . In another example, tomato (Lycopersicon esculentum Mill.) shoot mineral element uptake was shown to be significantly slowed at RZT cooler than 15 C (Cornillon 1974) . On the other hand, elevated root temperature promoted plant nutrient uptake by (1) increasing new root formation (Daskalaki and Burrage 1997; Domisch et al. 2002) , (2) changing root physiology and improving nutrient uptake (Carey and Berry 1978; Marschner 1990; Kozlowski and Pallardy 1997) , and (3) accelerating nutrient mineralization in soil (Domisch et al. 2002) .
Over a wide range of nutrient concentrations, plant performance has been shown to be affected by different root temperatures (Niedziela, Jr. et al. 2008; Ambebe et al. 2009 ). Engels (1993) reported different K and P uptake rates between maize (Zea mays L. cv. Bastion) and wheat (Triticum aestivum L. cv. Star) at different root zone temperatures. Maize shoot demand for nutrients seemed to control N, and K uptake and translocation, but not P at low solution temperatures (Engels et al. 1992) . Moreover, P uptake was usually more suppressed by low soil temperatures than the uptake of other nutrients (Bravo-F and Uribe 1981) . The effect of temperature on nutrient uptake is difficult to generalize because these effects vary with different physiological processes and plant organs. In many studies, the nutrient solution was varied by increasing or decreasing the whole NPK concentration, while neglecting changes in single element concentrations and their effects at different RZT. We find that plant response to different RZT is affected by varying single N, P or K nutrient concentration. Quantification of the effects of RZT on nutrient uptake should be investigated separately for each nutrient element.
Significant research has focused on the relationship between RZT and plant utilization of nitrogen (N); such as the effect of RZT on selective absorption of nitrate (NO À 3 ) and ammonium by soybean (Glycine max L. Merr. cv. Wells) (Duke et al. 1979) , ryegrass (Lolium multiflorum and Lolium perenne) (Clarkson and Warner 1979) , arctic plant species (Atkin and Cummins 1994) , Eucalyptus nitens (Deane and Maiden) Maiden (Garnett and Smethurst 1999) , and rose (Rosa Â hybrida cv. Grand Gala) plants (Calatayud et al. 2008) . However, little information is available on the interaction between RZT and P or K concentrations.
To some extent, this research models the soil salinization problem. The growth environment was a greenhouse, and only root temperature was controlled, the aboveground plants being exposed to the usual greenhouse conditions. The objectives of this study were: (1) to examine whether differences exist between N, P, and K effects on cucumber (Cucumis sativus L.) seedlings, (2) to correlate between the N, P, and K uptake and RZT to determine which element might promote growth at low RZT, (3) to provide a basis for choosing the best variety and quantity of fertilizer for the growth of season cucumber seedlings in the cold season.
MATERIALS AND METHODS

Plant materials and growth conditions
A cold-tolerant cultivar of cucumber (Cucumis sativus L.), Jinlv 3, was used in the present study. Seeds were germinated in a light chamber at a temperature of 28 C and a relative humidity of 70% on 14 December 2011. Two days later, the seeds with 1-cm long radicle were transplanted to a peat-vermiculite mixture [2:1, volume/volume (V/V)] in trays. After emergence of one true leaf on 4 January 2011, seedlings were transplanted to plastic pots (1 L), each pot containing 1 L of nutrient solution.
The temperature control equipment consists of a polyvinyl chloride box, plastic pots, sand, and heating wires. The internal dimensions of the polyvinyl chloride box are 240 cm long, 70 cm wide, and 20 cm deep. Each box contained 48 pots. The space between pots in the polyvinyl chloride box was filled with sand, in which heating wires (DV, Ningbo China, 800 W 100 m) were embedded. Through the heating wires, heat was delivered to the sand, and then to the solutions in the plastic pots. Temperature was regulated by a temperature controller and timing device (Fig. 1) , and total K of 3 mmol L
À1
. Other treatments were set as Table 1 . In all treatments, calcium chloride (CaCl 2 ), potassium sulfate (K 2 SO 4 ), sodium dihydrogen phosphate (NaH 2 PO 4 ) and sodium nitrate (NaNO 3 ) were chosen to supplement the Ca, K, P and N deficiency, respectively. The pH of the solutions was adjusted to 6.2-6.4 with 0.l mol L À1 sodium hydroxide (NaOH) or 0.l mmol L À1 hydrochloric acid (HCl). The nutrient solutions were changed weekly in order to ensure a consistent nutrient supply. A completely randomized block design was used with 12 replicates (pots) for each nutrient treatment.
Plants were grown in polycarbonate greenhouse at one of two different nutrient solution temperatures while their aerial parts were subjected to the same air temperature conditions. Plant roots were subjected to each treatment from the day when they were transferred to the root-containers. They were allowed to acclimate to the nutrient concentration for one week and then exposed to different root temperature for three weeks. After four weeks from planting, a sample of eight plants with the same growth vigor was selected from each temperaturenutrient treatment from each box.
Determination of plant dry weight
Plants were separated into shoot and root tissues after the whole plants were removed from the pots. Before weighing, the fresh shoots and roots were dried carefully at 105 C for 30 min, and then further dried at 80 C for 24 h.
Nutrient element measurements
Fresh plants were separated into shoot and root tissues, and then washed with tap water followed by distilled water. Seedlings were oven-dried at 80 C for 48 h and weighed. The dry samples were ground to pass through a 0.5-mm screen. 0.3 g dry samples of shoots or roots were soaked in 10 mL sulfuric acid (H 2 SO 4 ) for 24 h then digested in digestion systems in a fume hood, heated to 180 C for 3 h, followed by the addition of 5 mL hydrogen peroxide (H 2 O 2 ). The extracted solution was transferred to 100-mL volumetric flasks, then diluted to 100 mL with deionized water for N, P, and K assays. The N concentration was analyzed using the automatic Kjeldahl apparatus method (K9840). P concentration was measured using the molybdate-blue colorimetry method (Murphy and Riley 1962) . K concentration was determined with a flame photometer (Model 410, USA).
Statistical analysis
Analysis of variance (ANOVA) and multiple comparisons (least significant difference [LSD]) was performed using SPSS (17.0) software with Duncan's multiple range test (DMRT) at the 5% level. Figure 2 showed the air-and root-zone temperature changes. The unheated nutrient solution temperatures, ranged from 8 C at 6:00 pm to 11.9 C at 8:00 am of the next day, for the treatment of 10 C AE 2 (10 C-RZT), with the heated solution temperature was kept at constant 20 C AE 2 (20 C-RZT) during this period.
RESULTS
Diurnal variations of air-and root-zone temperatures
Growth of cucumber seedlings
The leaf number was five in all nutrient treatments at 10 C-RZT and six at 20 C-RZT. Leaf areas were ranged from 85.17 to 132.56 cm 2 at 10 C-RZT and 121.47 to 174.43 cm 2 at 20 C-RZT, respectively (data not shown). The dry weight from each treatment was listed in Table 2 . Under the same nutrient level treatment, total plant and shoot dry weights at 20 C-RZT were significantly higher than those at 10 C-RZT. At 10 C-RZT, total plant and shoot dry weights were increased with higher N concentration. Significantly higher total plant and shoot dry weights were obtained in High-N and Low-P treatments than in other nutrient treatments. At 20 C-RZT, total plant dry weight in High-N was significantly higher than those of other nutrient treatments, followed by Low-P and High-K. Shoot dry weights in most nutrient treatments had no significant difference. The highest total plant and shoot dry weights were observed under High-N treatment at both 10 C-RZT and 20 C-RZT. Root dry weights in most nutrient treatments had no significant difference between 10 C-RZT and 20 C-RZT, except the highest root dry weight in High-N treatment at 10 C-RZT. Shoot-to-root ratios had no significant difference at 10 C-RZT, but significant difference was observed in Complete and Low-P nutrient treatments at 20 C-RZT.
Nutrient concentration and uptake in different organs of cucumber seedlings
Concentrations and uptake of mineral elements in the shoots and roots were strongly affected by the interacting effects of root-zone temperature (RZT) and nutrient solution concentration (Fig. 3) . Nevertheless, not all elements were affected to the same extent. Plants grown at the lower temperature solution (10 C-RZT) showed lower levels of N concentrations in the shoots, but higher N concentrations than those at the elevated temperature solution (20 C-RZT) (Fig. 3a) . At 10 C-RZT in all nutrient treatments, the N concentrations in shoots and roots had little difference, while higher N concentrations in shoots were found than those in roots at 20 C-RZT in all nutrient treatments. Moreover, shoot and root N concentrations in high-N and complete were higher than those in low-N treatments at 10 C-RZT, while shoot and root N concentrations increased as the solution N concentration increased at 20 C-RZT. At 20 C-RZT, shoot and root N concentrations in all P and K treatments were higher than those in complete (Fig. 3a) . More N was accumulated in shoots than in roots at both temperatures (Fig. 3b) . For all nutrient treatments, shoot N uptake at 20 C-RZT was higher than that at 10 C-RZT, but root N uptake at 10 C-RZT was higher than that at 20 C-RZT (Fig. 3b) . N uptake increased with increasing N concentration in solution at the two RZT. Low-P treatment promoted N uptake. N uptake in K treatments was different at the two RZT. N uptake at 10 C-RZT decreased as the K concentration increased, but higher N uptake was obtained in High-K than Complete and Low-K treatments at 20 C-RZT (Fig. 3b) .
P concentrations in most nutrient treatments of shoots were higher than those of roots at both temperatures except for a slight difference between P concentrations of shoots and roots under Low-N treatment at 10 C-RZT. Greater differences between those of shoots and roots were found at 20 C-RZT (Fig. 3c) . Furthermore, shoot P concentrations were obviously promoted at 20 C-RZT compared to those at 10 C-RZT regardless of the solution nutrient concentration (Fig. 3c) . Shoot P concentrations under Low-N and High-N at 10 C-RZT were lower than those of the Complete, but at 20 C-RZT they were higher than the Complete. Root P concentrations decreased as the solution N concentration increased (Fig. 3c) . Shoot P concentrations under High-P and complete at 10 C-RZT had no difference and lower P concentration was obtained under Low-P treatment. Root P concentrations under Low-P and High-P treatment were lower than those in the Complete (Fig. 3c) . There was no difference between P concentrations of Low-K and Complete treatment, but a lower value under High-K treatment at 10 C-RZT was observed. Root P concentration at 10 C-RZT increased as the solution K concentration decreased (Fig. 3c) . Both shoot and root P concentrations at 20 C-RZT increased as the solution P concentration increased. Shoot P concentrations under Low-K and High-K were higher than those of the Complete, while root P concentration decreased as solution K concentration increased (Fig. 3c) . The lowest level P concentration was observed under Low-P treatment in both shoots and roots at the two RZT (Fig. 3c) . On the other hand, shoot P uptake was evidently promoted in all nutrient treatments after increasing the root temperature, but root P uptake at 20 C-RZT was relatively lower than that at 10 C-RZT (Fig. 3d) . In most nutrient treatments at 10 C-RZT, shoot P uptake increased as the solution nutrient concentration increased, except for a decrease of P uptake with increased solution K concentration (Fig. 3d) . Shoot P uptake at 20 C-RZT increased with the increasing y Values followed by different letters within a column indicated significant differences at P < 0.05.
solution N concentration, but was inhibited under Low-P and High-P treatment compared to complete, and promoted under High-K and Low-K treatments (Fig. 3d) . In contrast to P concentration, shoot and root K concentration was more sensitive to changes in solution nutrient concentration than to RZT (Fig. 3e) . At 10 C-RZT, shoot K concentrations were inhibited under High-N and Low-N treatments, whereas root K concentration decreased as the solution N concentration increased (Fig. 3e) . K concentration in shoots decreased as the solution P concentration increased, while root K concentration was inhibited under Low-P and High-P treatments (Fig. 3e) . Shoot K concentration improved as solution K concentration increased, but root K concentration was inhibited under higher and lower K treatments (Fig. 3e) . At 20 C-RZT, shoot K concentration in all treatments was higher than in the complete (Fig. 3e) . Root K concentration was suppressed under high N and P concentrations, but increased as the solution K concentration increased (Fig. 3e) . The largest K concentration was found in the Low-N treatment in roots (Fig. 3e) . Similar to N and P uptake, shoot K uptake was also promoted by increased root-zone temperature, with more K accumulated in roots at 10 C-RZT than 20 C-RZT (Fig. 3f) . Shoot K uptake at 10 C-RZT was higher in Low-P and High-P treatments than in the complete, whereas at 20 C-RZT shoot K uptake was improved in all other element treatments compared to the complete treatment (Fig. 3f) .
Total nutrient uptake by cucumber seedlings
For each nutrient treatment, total N, P and K uptake at 20 C-RZT was promoted than that at 10 C-RZT (Table 3) . At 10 C-RZT, total N uptake under High-N and Low-P was significantly higher than that of other nutrient treatments. Total P uptake and total K uptake in most nutrient treatments had no significant difference (Table 3) . Highest total N and P uptake was observed under High-N treatment, whereas more total K uptake was obtained under Low-P treatment at 10 C-RZT (Table 3) . At 20 C-RZT, total N uptake under High-N, Low-P and High-K treatments was significantly higher than that of other nutrient treatments. Total P uptake under High-N and High-K was significantly higher than that of other nutrient treatments. Total K uptake was promoted in all nutrient treatments compared with the Complete, and total K uptake under High-K treatment was significantly higher than that of other nutrient treatments (Table 3) .
Shoot nutrient uptake were increased at the same nutrient level after elevating RZT compared with 10 C-RZT, ranging from 15.21% (High-P) to 112.52% (High-K) of N, from 55.92% (Low-P) to 232.51% (High-K) of P, and from 40.62% (High-P) to 184.51% (High-K) of K (Table 4) . However, root N uptake decreased at 20 C-RZT in all nutrient treatments, ranging from À59.61% to À10.35%. Root P uptake also decreased at 20 C-RZT, except for a 5.85% increase in the Low-N treatment. Root K uptake decreased in most nutrient treatments except for Low-N and High-K treatments (Table 4) . High root-zone temperature facilitated the nutrient distribution to shoot more than cold solution temperature. Shoot N, P, and K distribution ratios in all nutrient treatments at 20 C-RZT were higher than those at 10 C-RZT (Table 5 ). However, more N, P and K were accumulated in roots at 10 C-RZT than those at 20 C-RZT (Table 5 ). Total N, P, and K uptake showed no significant correlation with each other at both 10 C-RZT and 20 C-RZT (data not shown).
DISCUSSION
Low root-zone temperature (10 C-RZT) suppressed the increase of shoot biomass of cucumber seedlings under each nutrient treatment, but a relative higher root dry y Values followed by different letters within a column indicated significant differences at P < 0.05. DW, dry weight.
weight at 10 C-RZT than those at 20 C-RZT was observed. Similar responses of shoot growth to different RZT have been observed for seedlings of Eucalyptus nitens (Garnett and Smethurst 1999) , melon (Cucumis melo L.) (Y.P. Zhang et al. 2008) , wheat (Equiza et al. 2001) and trembling aspen (Populus tremuloides Michx.) (Wan et al. 1999) . However, the responses of roots to RZT were different among these species. For example, Wan et al. (1999) reported that the root growth of trembling aspen seedlings at 10 C was lower than that at 20 C soil temperature. In contrast, in the present study root biomass of cucumber seedlings at 10 C was higher than those at 20 C. In agreement with our results, Lyr and Garbe (1995) also found a higher root mass in Pinus sylvestris L. at 10 C than at 20 C. Low root temperature usually resulted in lower shoot-to-root ratio (Clarkson and Warner 1979) . In the present study, significantly lower shoot-to-root ratios were found in most nutrient treatments at 10 C-RZT than at 20 C-RZT. Furthermore, we found that low nutrition is probably not the major factor leading to lower biomass in cucumber seedlings at low RZT (10 C-RZT). These results are similar to what Zhang and Dang found (Zhang and Dang 2007) . Low soil temperatures could slow the nutrient uptake rates (such as N) that they turned out to limit vegetative growth rates (Clarkson and Warner 1979) . However, at 20 C-RZT, plant dry weights were significantly affected by nutrient concentrations, which increased with increasing N and K concentrations. This indicates that low RZT inhibited high nutrient concentration effects on plant growth (Setter and Greenway 1988) .
In addition, higher shoot N, P, K nutrient concentrations and uptake were obtained at 20 C-RZT than at Table 5 Effects of root-zone temperature (RZT) and nitrogen (N), phosphorus (P), potassium (K) supplies on the shoot and root nutrient distribution ratios of cucumber (Cucumis sativus L.) seedlings 10 C-RZT. It can be concluded that higher shoot nutrient concentration has a greater effect on plant growth at elevated RZT. Similarly, Daskalaki and Burrage (1998) reported that all nutrients [N, P, calcium (Ca), and K] uptake of cucumber could be promoted significantly when root temperature was increased from 12 C to 20 C. Hood and Mills (1994) also found RZT near 22 C produced higher growth and nutrient uptake of snapdragon (Antirrhinum majus L. 'Peoria') compared to 8 and 15
C. Element concentrations in difference parts of organs in Scots pine seedlings increased as the soil temperature increased (Domisch et al. 2002) . Nutrient uptake by cucumber seedlings at 10 C-RZT probably was reduced due to low root nutrient transport, and more nutrients were accumulated in roots (Table 4 ). The higher nutrient distribution ratio in shoots at 20 C-RZT resulted in increased stem growth and thus higher shoots nutrients concentrations (Lahti et al. 2005) .
Differences in nutrient uptake existed between species affected by RZT. For example, increasing solution temperature at 14 C AE 2 and 20 C AE 2 in cucumbers showed an increased NO À 3 uptake, with no effect on phosphate uptake compared to unheated treatment. For melons (Cucumis melo L. cv. Arava), increased phosphate uptake was observed with elevated solution temperature (Urrestarazu et al. 2008) . While Cumbus and Nye (1981) found shoot N concentrations of rape (Brassica napus cv. Emerald) were little affected by root temperature.
N nutrient uptake was stimulated by increased N supply and high soil temperature, which is in agreement with Gavito et al. (2001) . Reddy and Portier (1987) indicated that 15 N fertilizer uptake by Typha latifolia L. was 5.3% at 10 C, 37.5% at 20 C of applied N in the soil and N uptake increased with N application under greenhouse conditions. We found that a supply of high concentration of N at low RZT increased P uptake. A shortage of N may decrease P and K uptake at the two root-zone temperatures, but a shortage of P favors K uptake. Shoot N concentrations of Eucalyptus nitens at 10 C for pre-treated plants were lower than those at 20 C for pre-treated plants (Garnett and Smethurst 1999) . This result is in agreement with our findings with cucumber seedlings. Nevertheless, the same root N concentration was found at both 10 C and 20 C in Eucalyptus nitens (Garnett and Smethurst 1999) . In contrast, we found higher N concentrations in roots at 10 C than those of 20 C. N element concentration, NO À 3 , and amino acids in leaves of tomato increased at all of the heated regimes: constant, day, and night root heating compared to no heating, while higher N concentration was found in no heated treatment than in heated treatments, as noted by Gent and Ma (2000) . The extent of growth reduction showed direct relationships with solution N concentration and was inhibited by low root temperature, possibly due to reduced NO À 3 reductase in the plants (Atkin and Cummins 1994) . Therefore, increasing solution N concentrations could improve cucumber seedlings growth and yield, and simultaneously promote plant N, P and K uptake at both 10 C-RZT and 20 C-RZT. Solution NO À 3 uptake was improved when plants were grown in the cold solution to obtain higher amounts of nutrients with less water absorption (Calatayud et al. 2008) . Romero et al. (1999) reported that plant N and P concentrations generally increased with increasing N level in solutions, but not with that of P. We also found that increasing RZT enhanced N utilization and more N was absorbed by plants. For example, at the same Low-N concentration level, plant total N uptake at 20 C-RZT was increased by 47.88% compared to that at 10 C-RZT, almost equal to the total N uptake at High-N level at 10 C-RZT. Low P level treatment did not significantly inhibit plant biomass, possibly owing to the fact that increased N and K uptake facilitated plant growth. In addition, the transportation of assimilates from aboveground to root was improved under Low-Pcondition and the utilization efficiency of assimilates by roots was also promoted (Rufty, Jr. et al. 1993 ). Moreover, low P concentration positively affected taproot elongation (Sá nchez-Calderó n et al. 2005). Shoots P and K uptake was significantly increased at the higher RZT. Gosselin and Trudel (1983) also demonstrated that raising the root zone temperature to 24 C increased the shoot P and K concentrations of tomato compared to those at 12 or 15 C. High-P concentrations at 10 C-RZT improved total N, P, and K uptake, while N and P uptake was inhibited under High-P treatment at 20 C-RZT, but a higher total K uptake was observed. Also, a negative interaction between P and K uptakes was found at 10 C-RZT (data not shown). On the other hand, the effect of high K concentrations on nutrient uptake depended on the treated root temperature. The N, P, and K uptake did not increase with the solution K concentration increase at 10 C-RZT, but did increase at 20 C-RZT. This indicated K þ is more sensitive to root temperature. Therefore, it is necessary to take into account RZT when estimating the effect of K on cucumber.
Low nutrient uptake was not the result of weak root nutrient uptake, because root nutrient uptake at 10 C-RZT was higher than that at 20 C-RZT. This might be due to the decrease in nutrient metabolic rates from root to shoot at low temperatures (Adam et al. 2003) . Gent and Ma (2000) also revealed that low temperatures restrained NO À 3 translocation from roots to leaves more than roots uptake from soils. A better understanding of the relationship between nutrient metabolism and transport from roots to shoots is needed and should be the subject of further study.
Conclusion
In greenhouse conditions, major elements such as N, P, and K fertilizers were required for plant growth, but the effectiveness of N, P, and K nutrient concentrations were affected by root temperatures. Low root-zone temperature (10 C-RZT) suppresses or decreases the biomass and nutrient uptake of cucumber seedlings. Slow growth at a low root temperature of 10 C was not associated with a shortage of nutrient uptake in root. More nutrients are accumulated in roots and less are transported to shoots at 10 C-RZT compared to those at 20 C-RZT. At higher root temperatures, however, plant dry weight and total N, P, and K uptake are all improved under each nutrient treatment, and higher nutrient distribution ratios in shoots induce higher shoot nutrient uptake for better growth. Moreover, higher nutrient concentrations usually favor plant nutrient uptake with the increase of RZT, but low RZT inhibits the effects of high nutrient concentration supply except for N. Moreover, plants grown in low P concentration have higher biomass performance at low temperature. Therefore, nutrient types and appropriate proportions should be taken into account in order to allow plants to absorb nutrients effectively at low RZT. Added fertilizer N is more important and crucial for cucumber growth during the cold growing season than other mineral elements. Suitably decreased P concentration favors plant biomass formation. Besides, properly increasing nighttime RZT in winter may increase nutrient uptake and utilization, as well as reduce the overuse of fertilizers.
